The cyclometallated iridium ( 
Introduction
Cyclometallated iridium(III) complexes are the focus of research for technologies such as light-emitting electrochemical cells (LECs) and organic light-emitting diodes (OLEDs) due to their high photoluminescence quantum yields and the relative ease of tuning their emission wavelengths via functionalization of the ligands. [1] [2] [3] [4] [5] [6] [7] [8] Neutral compounds are required for OLEDs, whereas cationic [Ir(C^N) 2 
(N^N)]
+ complexes with a neutral bidentate donor and two cyclometallated ligands are the commonest materials utilized in LECs. [1, 2, 8] Metal-binding domains within the C^N and N^N ligands include 2-phenylpyridine, 2-phenylpyrazole, [9] 2-thienylpyridine, [10] 2,2′:6′,2′′-terpyridine, [11, 12] 1,10-phenanthroline, [13] imidazole, [14] and triazole; [15] systematic variation allows tuning of the HOMO and LUMO energies and the related emission properties and device performances. However, the core structure remains cationic with the attendant materials properties (solubility in polar solvents, presence of an anion) which influence processability and device assembly and performance. Anionic iridium(III) complexes have been less studied but compounds [Ir(C^N) 2 [20] ) have shown promise in LECs. Complexes with 'hard base', benzene-1,2-diolate ligands (Scheme 1) have been reported, [21] with compounds containing TCC 2-or TBC 2-being stable in ambient conditions and exhibiting emissions at 600 and 590 nm, respectively. In contrast, complexes derived from H 2 DTBC can only be isolated only in the paramagnetic, semiquinone form. [22] Scheme 1. Structures of benzene-1,2-diol (H 2 cat), 3,4,5,6-tetrachlorobenzene-1,2-diol (H 2 TCC), 3,4,5,6-tetrabromobenzene-1,2-diol (H 2 TBC), and 3,5-di-tert-butylbenzene-1,2-diol (H 2 DTBC).
Our interests lie in the development of modular strategies for the design and systematic investigation of materials for OLEDs (neutral) and LECS (charged) as well as a long term goal of achieving single component white-light emitters. The benzene-1,2-diolate compounds attracted our attention as a series which allow access to anionic, neutral and cationic complexes by cycling through the oxidation states of the non-innocent ligand (Scheme 2). 
Results and Discussion

Synthesis of iridium complexes and NMR transparency
The reduced, anionic form of the iridium dioxolene complex was prepared by the reaction of the chlorido- Alternating Δ-and Λ-enantiomers running along each chain.
EPR spectroscopy
Electronic paramagnetic resonance (EPR) spectra were recorded for the benzene-1,2-diolate and semiquinone forms of the iridium complexes at 297 and 100 K. An aliquot of the reaction mixture for the anionic complex was removed and quickly added to the sample holder. As expected, no signal was detected at room temperature for this diamagnetic complex (Fig. 4, blue trace) . The EPR spectrum of the purified semiquinone complex showed a single sharp signal with a g value of 1.986, similar to that reported for the semiquinone form of [Ir(2-(p-tolylpyridine)) 2 (DTBsq)] (g = 1.987) and other iridiumdioxolene complexes, proving the coordination of the semiquinone radical as a radical anion to the iridium(III) center (Fig. 4 , black trace) [22] , [30] .
The low temperature EPR spectrum of Ir(ppy) 2 (sq) displays rhombic symmetry with g x = 2.037, g y = 1.98 and g z = 1.93 (Fig. 5a) . Surprisingly, when the sample of [Me 4 N][Ir(ppy) 2 (cat)] was cooled to 100 K for low temperature EPR measurement, the red solution turned immediately to green. The EPR spectrum of this sample at low temperature also suggests a complex with rhombic symmetry but appears to contain two species in a ~3:1 ratio (Fig. 5b) . The g x , g y , and g z values of the major and minor components were calculated as 2.038, 1.97, and 1.93 and 2.14, 1.98, and 1.92, respectively. The characteristic and small variation in the anisotropic g values indicate that there is limited mixing of the ligand p and metal d orbitals, with the former having a much greater contribution. Therefore, it is clear the unpaired electron is localized mainly on the o-semiquinone ligand, as was also reported for [Ir(2-(ptolylpyridine)) 2 (DTBsq)]. [22] Upon warming to room temperature, the sample remains green and the measured EPR spectrum is similar to that of the oxidized semiquinone complex with g = 1.98 (Fig. 4, red trace) . This suggests that cooling the anionic form of the complex causes its irreversible oxidation to the semiquinone form and is most likely driven by the condensation of O 2 . 
Photophysical properties
The solution absorption spectrum of [Ir(ppy) 2 (sq)] in CH 2 Cl 2 is dominated by intense bands in the UV region, with λ max at 261 nm (Fig. 6 ). These arise from ligand-centered π*←π transitions and extend to ~325 nm. The absorptions observed at wavelengths above 350 nm have extinction coefficients (ε) that are more than an order of magnitude less than those at higher energy, and are assigned to metal-to-ligand charge transfer (MLCT) transitions. The absorption spectra of [Ir(ppy) 2 
Electrochemistry
The semiquinone complex exhibits three electrochemical events in CH 3 CN over the investigated region of -2.70 to +1.35 V versus Fc/Fc + (Fig. 7) . The quasi-reversible reduction centered at -0.61 V is attributed to the benzene-1,2-diolate/semiquinone redox couple. This value can be compared to those reported for analogous redox couples found in [Ir(2-(p-tolylpyridine)) 2 6 ] as supporting electrolyte was added to an optically transparent thin-layer electrochemical (OTTLE) cell and the potential scanned from -0.4 to +0.9 V and from -0.3 to -2.1 V relative to Fc/Fc + , recording a UV-vis spectrum every 100 mV. In the forward direction, the absorption maximum at 261 nm diminishes to ~40% of its initial extinction coefficient at the highest applied potential of +0.9 V (Fig. 8a) .
The shoulder at 297 nm is diminished along with the maximum at 261 nm starting at roughly the same potential, but loses only 40% of its initial intensity. Both of these absorptions, which are attributed to ligand-centered π*←π transitions, appear to be reversible and recover completely during the return scan (Fig. 8b) . The relatively weak absorption at 453 nm assigned to an MLCT transition begins to lose intensity at +0. Fewer changes in the absorption spectrum are observed when performing the reduction spectroelectrochemistry, whereby the neutral semiquinone is converted to an anionic benzene-1,2-diolate complex (Fig. 9) . A slight increase in absorbance for the maximum at 261 nm is observed at the most negative potentials and two new broad absorptions grow in at 394 and 478 nm beginning at a potential of ~-1. 
Conclusions
In conclusion, the new anionic complex [Ir(ppy) 2 (cat)] -was synthesized and isolated as the [Me 4 N] + salt, and its structure confirmed by single crystal X-ray diffraction. Further characterization was not possible given the fast oxidation of the reduced benzene-1,2-diolate form of the complex to the o-semiquinone.
Investigation of [Ir(ppy) 2 (sq)] using EPR spectroscopy indicates that the electron resides mainly on the bound dioxolene ligand in the paramagnetic complex with a g value close to that of a free electron and other related complexes. This is consistent with 1 H NMR spectroscopic data. No EPR signal was observed for the diamagnetic anionic complex, however, condensed oxygen in the sample caused its oxidation when cooling to 100 K for low temperature measurements. Evidence of both semiquinone/catechol and semiquinone/quinone redox couples were observed in cyclic voltammetry. A significant change in the absorption properties of the complex was also observed using spectroelectrochemistry when oxidizing the semiquinone complex to its quinone form. Conversely, the absorption spectrum was only minimally affected when reducing the compound to its catecholate form.
Appendix 1 Supplementary data
Crystallographic data for all the complexes have been deposited with the CCDC (Cambridge 
